sented for the existence of a bound form of ubiquinone when the heart-muscle preparation was suspended in a medium containing inorganic phosphate. It is possible that part of the oxidativephosphorylation process is still intact in these preparations and that this bound form is a phosphate-containing derivative of ubiquinone or ubiquinol and is an intermediate in the process. Such a role would be consistent with scheme (II) in Fig. 3 . SUMMARY 1. Methods for studying the kinetics of endogenous ubiquinone in heart-muscle preparations are described.
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2. The rate of reduction of ubiquinone was not equivalent to the steady-state rate of electron transfer as measured by the rate of oxidation of the substrate.
3. Studies with inhibitors indicated that ubiquinone was reduced by the flavoproteins and oxidized by way of the antimycin A-sensitive factor and cytochrome oxidase.
4. It is suggested that ubiquinone is a branch pathway of the respiratory chain, and that it may function either as an interchain carrier or as an intermediate in oxidative phosphorylation. Although extensive studies have been made on the biosynthesis of proteins in animals, plants and micro-organisms, relatively little is known about similar mechanisms in insects. The use of labelled amino acids for studying the synthesis of silk by the giant silkworm, Hyalophora (Platy8amia) cecropia (L.), was first reported by Zamecnik, Loftfield, Stephenson & Williams (1949) , who showed that silk spun 24 hr. after injection of a mixture of carboxylabelled glycine and DL-alanine was radioactive. They also provided evidence for the incorporation of [1-14C] glycine in vitro by incubating excised silk glands aerobically in Krebs-Ringer phosphate medium. Shimura, Koide, Itabashi & Fukai (1955) demonstrated net fibroin synthesis in perfused silk glands and studied the effects of various metabolic intermediates added to the medium. In a later study, Shimura, Fukai, Suto & Hoshi (1958) showed that [I-L4C]glycine injected into the silkworm was incorporated into the proteins of the silk gland, gut and dermal tissues, and that 4 hr. after injection, 95 % of the radioactivity in the fibroin isolated from the silk gland was in the glycine residue. Bricteux-Gregoire, Verly & Florkin (1958) (Bricteux-Gregoire, Verly & Florkin, 1956; Fukuda, 1956 ) is incorporated into silk protein after being converted into tyrosine. Sisakian & Kuvaeva (1957) found that [14C]glycine was incorporated into the protein of the strained brei of silkworm pupae after prolonged incubation. More recently Takayama, Ito & Miura (1958) presented evidence for fibroin synthesis in vitro by minces of the posterior silk gland and its dependence on the high ribonucleic acid content of the tissue. These workers also found that the ability to incorporate [14C]glycine into protein was almost completely lost when the silk-gland preparations were homogenized, but there was some incorporation in a preparation containing only microsomes and cell sap.
In the present paper we report on the labelling of tissue protein after injection of [14C]glycine into silkworms at various stages of larval development. Some factors influencing the incorporation in vitro of [14C]glycine into excised silk-gland protein have also been studied. Experiments in which [14C]-glycine has been incorporated into an ultracentrifuged cell-sap preparation are described and some of the properties of the resulting complex are given.
Some of the results have been reported briefly elsewhere (Faulkner & Bheemeswar, 1959) .
EXPERIMENTAL
All the reagents were of analytical-reagent quality. Disodium salts of adenosine triphosphate (ATP) and guanosine triphosphate (GTP) were obtained from Sigma Chemical Co., St Louis, Mo., U.S.A., and adenosine 5-phosphate from Nutritional Biochemicals Corp., Cleveland, Ohio, U.S.A. Crystalline ribonuclease was obtained from Worthington Biochemicals Corp., Freehold, N.J., U.S.A.
["4C]Glycine (universally labelled) of specific activity 2-51 mc/m-mole, [14C] (Bergold, 1941) . Except in the study of the rate of incorporation of glycine at different developmental stages, the insects injected with glycine were in the middle of the fifth instar. At suitable intervals after injection insects were bled by cutting a proleg, and the blood was collected in a small test tube kept at 00. The protein in 0-1 ml. of blood was precipitated by adding 5 ml. of 5 % trichloroacetic acid. Gut, fat body and the posterior silk gland were then dissected out and dropped into tubes containing 5 % trichloroacetic acid. Preparation of minces and method of incubation. The term 'mince' is used to describe a preparation obtained by chopping finely with scissors the posterior silk glands taken from mid-fifth instar larvae. Incubations were carried out in 5 ml. Warburg vessels and, unless otherwise stated, the vessels were incubated aerobically at 370 with shaking. Each Warburg vessel contained 5-10 mg. of the silk-gland mince. The basal incubation medium contained: potassium phosphate buffer, pH 7-3, 20 mM; MgC12, 10 mM; L-malate, 10mM; [14C]glycine, 0-2,uc, 0-08 mm. Total volume was 1 ml. At the end of the incubation period 0-25 ml. of 25 % trichloroacetic acid was added to stop the reaction.
Isolation of protein and radioactive assay. The acidinactivated tissues or minces were ground in a glass tissue grinder, and the suspension, which contained about 1-0-2-5 mg. of protein (dry wt.), was washed to remove any unincorporated labelled glycine, nucleic acids and lipids, as follows: five times with 5 % trichloroacetic acid at room temperature, twice with hot 5 % trichloroacetic acid (15 min. at 900), once with 95 % ethanol, twice with alcohol-ether (3:1, v/v) for 3 min. at 60°, and finally with ether. Preliminary experiments indicated that the presence of unlabelled glycine in the cold trichloroacetic acid washings was not necessary. The efficiency of the washing procedure was tested in each experiment by means of a control, in which the tissue was dropped into a tube containing 14C]glycine in 5 % trichloroacetic acid. The specific activity of the protein in the control after following the washing schedule was not more than 15 counts/min./mg. of protein.
The washed protein was suspended in 0-2 ml. of water and a portion (0-1 ml.) was applied to a tared stainlesssteel planchet and dried under a heat lamp. The planchets were dried to constant weight in a vacuum desiccator and the radioactivity was determined with a Tracerlab TGC-14 thin-window Geiger counter. Corrections were applied for background and self-absorption, and the results were expressed as specific activity (counts/min./mg. of protein). In order to compare the effect of added test substances used in different experiments, the term 'relative specific activity' has been introduced.
Relative specific activity = Specific activity with test substances Specific activity without test substances Preparation of the pH 5 extract. The posterior portions of silk glands from mid-fifth instar larvae were used. Wet tissue (5-6 g.) was ground with 20 ml. of medium X (Zamecnik & Keller, 1954) in a glass tissue grinder. The brei was centrifuged for 10 min. at 20 000g at 04' to remove the insoluble particles and the cell debris, and the opalescent supernatant was then centrifuged at 150 000 g for 50 min. in a Phywe ultracentrifuge at 20°. Protein was precipitated from the clear supernatant by slow addition of 0-1 N-HCI with constant stirring until the pH had fallen to 5-1. The protein which dissolved in about 5 ml. of 0-2M-potassium phosphate buffer, pH 7-8, was termed the pH 5 extract. The insoluble residue was discarded. The protein concentration of the pH 5 extract was 1-3 mg./ml.
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Incubation procedure with the pH 5 extract, and radioassay. Incubations were carried out in open 3-5 ml. test tubes without shaking, or in 5 ml. Warburg vessels (when anaerobic conditions were desired). At the end of the incubation period the reaction was stopped by the addition of 2 ml. of 12 % trichloroacetic acid. The precipitate was washed five times with portions (3 ml.) of 5% trichloroacetic acid, and twice with ice-cold water.
The residual material was dissolved in 0-15 ml. of 0 LN-KOH and a portion (0.1 ml.) was applied to a stainlesssteel planchet for radioassay in a Tracerlab TGC-14 thinwindow Geiger counter. The results are expressed as specific activity (counts/min./mg. of protein). The protein content of the material was determined by the method of Ramachandran & Fraenkel-Conrat (1958) .
The washing procedure was checked in each experiment by adding [14C]glycine to a tube containing the pH 5 extract with 5% trichloroacetic acid and subjecting the precipitate to the same washing cycle before plating.
The glycine-activating enzyme was assayed by the method of Hoagland, Keller & Zamecnik (1956) .
RESULTS
Incorporation of [14C]glycine into tissue proteins of the silkworm. After injection of [14C]glycine, the various tissue proteins in the larvae are rapidly labelled. Proteins of the silk gland, fat body, gut and blood are found to be radioactive within a few minutes. The data in Fig. 1 show that silkgland protein is most rapidly labelled, and that the rate is roughly linear for the first 30 min. after injection but diminishes later. Proteins of the fat body appear to reach equilibrium with the label more quickly than do those of the silk gland, and there is a lag period before blood protein incorporates glycine at a linear rate. The fat body is believed to be an important site of blood-protein synthesis (Shigematsu, 1958) , and the observation that incorporation into blood protein continues after incorporation into fat body reaches equilibrium is in keeping with this hypothesis.
Effect of stage of development on incorporation.
Preliminary experiments indicated that there was considerable variation in the rate of glycine incorporation among a random group of fifth-instar larvae. Accordingly, we studied the rate of glycine incorporation with larvae from the same family at various ages in the fourth and fifth instars. Each day four insects were injected, beginning 1 day before the fourth moult and continuing up to the day of spinning (approximately 10 days). Fifteen minutes after injection, the proteins were isolated and the radioactivity was measured. The data given in Fig. 2 show the amount of radioactivity incorporated into the silk-gland protein at different developmental stages. During the period just before and after the fourth moult, when the insect does not feed, the rate of incorporation is low. After this period, the amount of glycine incorporated increases gradually as the insect grows rapidly. Just before spinning the rate of incorporation decreases markedly.
Factors Takayama et al. (1958) , this rate is nearly 200 times that reported for rat-liver slices.
Data showing the effects of sugars, organic acids and keto acids on incorporation are given in Table 1 . Sugars generally have little influence; however, glucose is slightly stimulatory and fructose inhibitory. All the organic acids and keto acids tested, with the exception of glyoxalate, had stimulatory effects on glycine incorporation.
Oxidative metabolism appears to be essential for the incorporation of [14C]glycine into silk-gland minces, since, under anaerobic condition, or aerobically in the presence of cyanide, incorporation is strongly inhibited. Considerable impairment of incorporation is observed when K+ ions in the incubation medium are replaced by Na+ ions 8000l 60001 (Table 2) . Data are also included in the table on the effect of other inhibitors. Chloramphenicol, which is an inhibitor of protein synthesis in other systems, is effective in silk-gland minces at 1 mm concentration. Hydroxylamine and pyruvic oxime at 1 mm concentration are known to inhibit a silkgland transaminase (Bheemeswar & Faulkner, 1959) . Both these substances inhibit incorporation of glycine into silk gland but the concentration required is much higher than for cell-free transaminase systems.
Silk glands are particularly rich in nucleic acids. It is reported that the ribonucleic acid content of the posterior silk gland is 2-6-4-4 mg./g. of fresh tissue (Denuc6, 1952) . The data in Table 2 suggests that the two nucleotides are readily interconverted or that the incorporating enzyme in silk gland is not highly specific for them. Some source of high-energy phosphate is apparently necessary since no incorporation results when adenosine 5-phosphate is substituted for ATP or GTP. The results given in Table 4 show that incorporation proceeds under both aerobic and anaerobic conditions, but, in both cases, it is dependent on the presence of ATP.
The extent of [14C]glycine incorporation is proportional to the concentration of enzyme in the pH 5 extract (Fig. 4) . Time studies have shown that incorporation is rapid for the first 5 min. of incubation at 250, and then the rate is lower, but steady, for a further 15 min. (Table 5 ). The incorporation of a mixture of labelled glycine, phenylalanine and glutamate appears to be additive. This is in keeping with the suggestion that separate enzymes are responsible for the activation and incorporation of individual amino acids (Chantrenne, 1958) . Properties of the [1-14C]glycine-pH 5 extract cornplex. Experiments were performed to elucidate some of the chemical properties of the complex Table 4 . Aerobic and anaerobic incubation of pH 5 extract Complete incubation medium contained: pH 5 extract (0-2 ml.) containing approx. 0-5 mg. of protein; MgC12, 16 mm; ATP, 3-3 mm; [1-l4Clglycine, (0-2 .uc), 0-25 mM.
Total volume was 0-3 ml. Incubations were carried out in Warburg vessels with [1-14C] glycine in the side arm. Vessels were pre-incubated in air or in N, for 10 min.; the [1-14C]-glycine was then tipped in and incubation continued for a further 15 min. at 300. The amount of enzyme was varied as indicated and was dissolved in 0-25 ml. of potassium phosphate buffer, pH 7-8, 0-1 M. Total volume was 0-5 ml. Tubes were incubated for 10 min. at 25°.
Vol. 76 75 Other experiments have shown that pre-incubation of the pH 5 extract with 1 ug. of crystalline ribonuclease completely prevented the subsequent incorporation of added [1-_4C]glycine. Incorporation was also inhibited by chloramphenicol at 2 mM concentration.
The fact that the complex formed between [14C]glycine and the extract is split by heating at pH 7-8, and is removed by treatment with hot trichloroacetic acid or crystalline ribonuclease, suggests that the product is a ['4C]glycine-nucleoprotein complex. Such complexes are formed in the rat-liver pH 5 0 extract after the activation of an amino acid and subsequent condensation with the S-ribonucleic acid fraction (Hoagland, Zamecnik & Stephenson, 1957) .
Relationship between glycine activation and [14C]-glycine incorporation. It is generally believed that activation of an amino acid precedes its incorporation. Glycine is activated to a limited extent by the pH 5 extract from the silk gland, whereas tyrosine and tryptophan are activated to a greater extent (Heller, Szafranski & Sulkowski, 1959) . The protein fraction precipitated between 0 47 and 0-67 saturation of ammonium sulphate contained the activating enzyme purified 20 times but the incorporating ability was almost completely removed (Table 7) . (Tarver, 1954) . Further, the rate of incorporation depends on the stage of development, being low at the moulting period and increasing progressively thereafter to parallel the rapid growth of the fifth-instar larvae. The rate decreases just before spinning. Demyanovskii, Vasil'ova & Konikova (1952) , working with oak silkworm, Antherea pernyi, observed that incorporation of [35S]methionine into blood proteins depends on the stage of development, and it is possible that the observed incorporation rates in insects are under hormonal control. Glycine incorporation in vitro into minces is affected by the presence of certain metabolic intermediates such as di-and tri-carboxylic acids, caglycerophosphate and a-oxo acids, the stimulation being two-to three-fold in some cases. oc-Glycerophosphate, which has been shown to be an important substrate in the oxidative pathway in the flight muscle of the housefly (Chance & Sactor, 1958) , also stimulates incorporation of glycine into proteins of the silk gland. The observed reduction of incorporation by glyoxylate (Table 1) may be due to the formation of unlabelled glycine by transamination (Fukuda & Hayashi, 1958) and
The results on glycine incorporation in the pH 5 extract indicate that the label is loosely bound and becomes associated with a fraction containing nucleic acid. By ammonium sulphate fractionation of the pH 5 extract it was possible to increase the specific activity of the glycine-activating enzyme many times, but the ability to incorporate [14C]_ glycine was lost, a result which demonstrates that separate enzymes are responsible for activation and incorporation in the silk gland.
It would appear that besides the ultracentrifugate other cell fractions are necessary for complete synthesis of protein by the silk gland. In injection experiments with [14C]glycine Shimura et al. (1958) found that the subcellular fraction which sedimented after 10 min. at 8500 g was, initially, the most highly labelled. It is possible that the large granules present in this fraction are required for protein synthesis. proteins of injected silkworm larvae has been studied, and is found to depend on the stage of development of the larvae. The rate is low during the fourth moult and increases progressively during the fifth larval instar. Just before spinning the rate of incorporation is again low.
2. Incorporation in vitro into silk-gland minces is an aerobic process depending upon the presence of bivalent ions. It is enhanced by the addition of intermediates of the tricarboxylic acid cycle, particularly by malate, citrate, succinate, fumarate and c-glycerophosphate.
3. A pH 5 extract was prepared by precipitating at pH 5-1 an ultracentrifugate of brei obtained from the posterior portion of the silk gland and subsequently dissolving the precipitate at pH 7-8. Incorporation of [14C]glycine into this extract is rapid, and is stimulated by Mg2+ ions and either adenosine or guanosine triphosphate.
4. In addition to [14C]glycine, labelled phenylalanine and glutamate are incorporated into the pH 5 extract but at a slower rate; in mixtures, the three amino acids are incorporated additively.
5. The [1-_4C]glycine-pH 5 extract complex is decomposed by heating at pH 7-8, by treatment with hot trichloroacetic acid, and by the action of ribonuclease.
6. A glycine-activating enzyme has been purified 20-fold by ammonium sulphate precipitation of the pH 5 extract. The purified preparation no longer incorporates [14C]glycine, which indicates that separate enzymes are involved in activation and incorporation.
